Pigment epithelium-derived factor (PEDF), a potent antiangiogenesis agent, is a multifunctional protein with important roles in regulation of inflammation and angiogenesis. It has recently attracted attention for targeting tumor cells in several types of tumors. PECAM-1 is an integral membrane protein, a cell adhesion molecule with proangiogenic activity and plays an important role in the process of angiogenesis. The correlation between proangiogenic activity PECAM-1 and antiangiogenic activity PEDF in Non-Small-Cell-Lung Cancer has not been reported. The present study was designed to evaluate using immunohistochemical techniques and multivariate analysis the interplay between PECAM-1 and PEDF in NSCLC, especially in adenocarcinoma and in squamous cell carcinoma stage IA-IIIB. Analyzing the mixed study collectively (n = 69), there was no significant correlation (p = 0.553) between PECAM-1 signal and PEDF area. Only including patients with adenocarcinoma (Figure 2 ), we found a positive correlation between PECAM-1 signal and PEDF area (p = 0.025). In patients with squamous cell carcinoma, we did not find a significant correlation between PECAM-1 signal and PEDF area (p = 0.530). In patients with squamous cell carcinoma, PECAM-1 and PEDF show a significant different expression pattern, measured via staining intensity (p = 0.013). These results might support the hypothesis that squamous cell carcinomas heavily rely on angiogenic processes.
Introduction
Non-small cell lung cancer (NSCLC) is a worldwide problem and the most lethal malignancy in many countries. The 5-year survival rate of resected NSCLC, however, ranges from only 25% to 73% depending on the pathological stage of the disease [1] .
NSCLC is characterized by uncontrolled growth and spread of abnormal cells caused by tumor neoangiogenesis [2] . Neoangiogenesis describes the growth of new blood vessels, an important natural process with a complex control system at various physiological circumstances, but at the same time a critical factor during tumor development [3] . In recent years, therapies selectively targeting neoangiogenesis pathways, such as VEGFR have both provided a better understanding of NSCLC and have been investigated as prognostic factors or targets for individualized therapy but have not led to a significant therapy improvement [4] [5] . Therefore, it is important to understand the underlying molecular mechanism of neoangiogenesis in NSCLC. Intensity of neoangiogenesis in tumor is supposed to be reflected by intratumoral microvessel density (MVD). Numerous studies have measured tumor microvessel density (MVD) by PECAM-1 (Platelet Endothelial Cell Adhesion Molecule-1) staining. PECAM-1 is a 130-kDa integral membrane protein, also known as CD31, a cell adhesion molecule with proangiogenic activity and plays an important role in the process of angiogenesis [4] [6] .
Moreover, pigment epithelium-derived factor (PEDF), a 50-kDa secreted endogenous glycoprotein, was first identified from human fetal retina pigment epithelium cell cultures as a member of the serine protease inhibitor superfamily with potent neurotropic activity [5] . However, more attention has been paid to its antiangiogenic activity [7] . The antivascular activity of PEDF appears to be associated with two main mechanisms: activation of Fas-FasL-mediated apoptosis and downregulation of vascular endothelial growth factor (VEGF) expression [8] [9] [10] .
The correlation between proangiogenic activity of Platelet Endothelial Cell Adhesion Molecule-1 and antiangiogenic activity of Pigment Epithelium-Derived Factor in NonSmall-Cell-Lung Cancer has, to the best of our knowledge, not been reported. The present study was designed to evaluate using immunohistochemical techniques and multivariate analysis the interplay between PECAM-1 and PEDF in NSCLC, especially in adenocarcinoma and in squamous cell carcinoma stage IA-IIIB. WHO classification was used for histological assessment of each specimen and Pathological staging of each tumor was determined using the renewed TNM staging system for NSCLC. Table 1 summarizes further clinical characteristics.
Materials and Methods

Patient Inclusion and Tissue Samples
A structured follow up questionnaire was sent to oncologists, pulmonary physicians and general practitioners.
Histological Evaluation of Microvessel Density
Tumor tissues from each lung cancer specimen were fixed in 4% buffered formalin and embedded in paraffin. Immunohistochemical reactions were performed on 2 μm tissue sections. Following deparaffinization and rehydration the sections were incubated in target Retrival Solution, pH low (Dako, Hamburg, Germany) for 40 min at 90˚C. Thereafter the samples were incubated for 15 min with 3% H 2 O 2 (Dako) to block endogenous 
Evaluation of PEDF-Staining
Regions of interest were determined by the hot spot method and detection of vital tu- . A product of the intensity index and area of PEDF was calculated (Area-intensity index).
Statistical Analysis
Clinicopathologic standard parameters including gender, histopathology, UICC and pT stage, lymph node status and grading were analyzed with regard to the findings of immunohistochemistry. Categorical variables were expressed as proportions (%) or number (n) and continuous variables as mean ± standard deviation (SD) and median with range. Long-term follow-up (survival or lung cancer related death at 90 days after surgery) was determined by the Kaplan-Meier method, differences between groups were tested with the log rank test and Cox Regression t influence of clinicopathologic parameters analysis was used. Association analysis for linear correlation of median PECAM-1 values was given as Pearson's correlation coefficient, whereas Kendall tau-b correlation coefficient T was provided for correlation with clinicopathologic parameters. Results were considered significant for p values below 0.05. Long term follows up, defined as survival or death after 90 days postoperative could be fully completed. To test the influence of PECAM-1 expression on long-term survival, all patients with known lung cancer death or living were studied. Statistical modelling and testing were performed with SPSS® statistical software (Release 15.0.0).
Results
ADC Group
A total of 27 patients with available lung adenocarcinoma tumor tissue blocks were in-cluded in the analysis. Exclusion criteria were NSCLC stage IV and unrespectable tumor. In the cohort of ADC, median age 63.18 years, were more male (n = 20) than female (n = 7) patients. 16 patients had stage I disease, 5 patients had stage II (IIA = 1, IIB = 4) and 6 patients had stage IIIA. During a median follow-up of 48 months, patients were clinically evaluated and were referred for radiological assessment as per clinical indications. The socio-demographic and clinical characteristics of the patients are described in Table 1 . At the time of last follow-up 6 patients were alive (22%).
Overall median survival time was 45 month. Lung cancer related death occurred in 14 patients (66%), and for other non-tumorous reasons in 7 patients (33%).
SCC Group
A total of 42 patients were included in the squamous cell carcinoma tissue blocks analysis. The median age was 65.85 years. In the cohort of SCC were 41 male (n = 41) and 1 female patients (n = 1). In this group 16 patients had stage I, 15 patients had stage II (IIA = 8, IIB = 7), and 11 patients had stage III (IIIA = 9, IIIB = 1). The socio-demographic and clinical characteristics of the patients are described in Table 1 . At the time of last follow-up 19 patients (45%) were alive. Overall median survival time was 45 month. Lung cancer related death occurred in 18 patients (43%), and for other nontumorous reasons in 5 patients (12%).
Histological Assessment of Microvessel Density and PEDF Staining
After immunohistochemical staining of PECAM-1 in the tissue sections, the MVD was counted according to the recommendations of Weidner [11] [12] . For this purpose, two independent investigators first determined hotspots with highest expression of PECAM-1 at a magnification of ×25 and then counted PECAM-1 positive cells in a total of 828 fields (12 per patient) at a magnification of ×100. In PEDF staining, the mean intensity of signaling was 2.18 ± 0.50 (median 2.22, range 1.1 -3. 
Correlation of PECAM-1 Signal, PEDF Are, and PEDF Intensity
To investigate the correlation between PECAM-1 signal and PEDF area, we compared the median PECAM-1 signal/tissue sample to median PEDF area. Total PEDF area was calculated from 6 individual images/tissue sample (25× magnification). PEDF signal was found in a patchy, irregular pattern. Subsequently, the median value of PECAM-1 signal and total PEDF area were correlated.
Analyzing the mixed study collective (n = 69), there was no significant correlation (p = 0.553) between PECAM-1 signal and PEDF area (Figure 1 ). However, only including patients with adenocarcinoma ( Figure 2) we found a positive correlation between PECAM-1 signal and PEDF area (p = 0.025).
In patients with squamous cell carcinoma ( Figure 3) we did not find a significant correlation between PECAM-1 signal and PEDF area (p = 0.530). In patients with Additionally, we found a significant correlation between CD31 signal and PEDF area in patients with adenocarcinoma ( Figure 4) . 
Discussion
The salient finding of the present study is the demonstration of interactions between of PECAM-1 and PEDF in patients with adenocarcinoma and squamous cell carcinoma of the lung. Neoangiogenesis is a complex phenomenon and solid tumors cannot grow beyond 1 -2 mm in diameter without neoangiogenesis [13] . Therefore, it has been sug-gested that tumor neovascularization is a requirement for its growth [3] .
According to current literature, PECAM-1 and PEDF have opposing functions in angiogenesis and were therefore chosen for further analyses. Especially in terms of endothelial cell proliferation, PECAM-1 and PEDF act in an antagonistic way: PECAM-1 seems to be a promotor of endothelial cell proliferation while PEDF acts as an inhibitor of endothelial cell proliferation.
In patients with squamous cell carcinoma PECAM-1 and PEDF show a significant different expression pattern, measured via staining intensity. Still, we could only find a trend towards a negative correlation with a generally low correlation coefficient. These results might support the hypothesis that squamous cell carcinomas heavily rely on angiogenic processes.
While we could not find a correlation between PECAM-1 signal and PEDF area when analyzing all patients independently of the specific tumor type or patients with squamous cell carcinoma, we could show that patients with adenocarcinoma of the lung have a positive correlation of PECAM-1 signal and PEDF area. Again, we see different signaling patterns in patients with squamous cell carcinoma and adenocarcinoma that might hint to diverging biological behavior.
Conclusion
In conclusion, the results of the present study suggest that PECAM-1 and PEDF activity may account, at least in part, for the neoangiogenesis in NSCLC. The role of mediators such as fibroblast growth factor and VEGF in the vascularization of malignant entities has been well established, and the contribution of several other cytokines and growth factors has been suggested [14] [15] . The past few years have seen rapid development and improvement of tumor inhibitors, and an increasing body of evidence suggests that selective inhibitors of growth factors (e.g. EGFR) provide useful therapeutic agents, particularly in advanced NSCLC. Therefore, our current knowledge of neoangiogenesis and its role in distinct signaling pathways according to the organ has to be determined in future studies.
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